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Abstract
Genome sequencing (GS) studies involving healthy children can advance scientific knowledge of genetic variation. Little
research has examined primary care providers’ views on using GS in this context. This study explored primary care provider
perspectives on the use of GS in research and the care of healthy children. We conducted semi-structured interviews with
16 providers discussing their views on GS research and receiving results. Interviews were analyzed by thematic analysis and
constant comparison. Participants were family physicians (11/16) and primary care pediatricians (5/16) in practice for >10
years (11/16). Participants valued GS in healthy children for research purposes; however, opinions diverged on using the
results in primary care. Proponents valued using results for surveillance and prevention in healthy children. Skeptics
questioned the clinical utility of results and the appropriateness of applying research data in primary care. Both groups
shared concerns over opportunistic screening, validity, and interpretation of results, increased health system costs and
inequities, and genetic discrimination. Primary care providers were ambivalent about the appropriateness and utility of GS in
the care of healthy children. Providers feel unprepared and unsure of their obligations in disclosing these results. Providers
do not feel they are equipped with the necessary resources and training to support their patients in using GS results in
their care.

Introduction

Advances in genomic sequencing (GS) technology, such
as genome and exome sequencing, have made it possible
to interrogate large amounts of genetic information in a
fraction of the time and cost of previous technology. This
has facilitated the large-scale use of GS in research and
increasingly in clinical settings [1–6]. In research, GS
can be used as a tool in studies to understand how
genetic variants can contribute to disease development.

Specifically, prospective cohort studies involving healthy
children have been used to further scientific knowledge
on how genetics can contribute to growth, nutrition, and
development [7]. In the clinic, information about an
individual’s genetic variation can inform treatment, pre-
ventative care and diagnosis, particularly in pediatrics.
Children may undergo GS to diagnose complex disorders
with a probable genetic basis, when other tests, such as
single-gene panel testing, have failed to arrive at a diag-
nosis [8–10].

In either context, GS has the potential to reveal a
large amount of detailed information regarding a child’s
hereditary disposition for other diseases that may be
clinically valuable, beyond the information sought after
for a clinical indication or research question [11, 12].
Prior literature has indicated that parents are interested in
receiving these incidental or secondary findings to inform
future planning and care for their children [13, 14].
Parents in these studies often mentioned primarily seeking
support and guidance from their primary care providers
(henceforth referred to as “providers” for brevity) [13].
Providers will be increasingly tasked with managing these
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secondary findings especially among their healthy pedia-
tric populations involved in GS research. However, the
return of secondary findings from GS research amounts to
opportunistically screening healthy children for disease
risk in the absence of any signs, symptoms, or clinical
indication, blurring the lines between research and clinical
care [15, 16]. Primary care providers will be increasingly
responsible for not only managing secondary findings
from these studies but also informing best practices for
conducting pediatric GS research and supporting opti-
mized use of those findings. The objective of this study
was to examine provider perspectives towards studies
using GS that involve healthy children, evaluate their
views on whether or not to provide the results generated
by this test, and their preferences for the use of these
results in primary care of healthy children.

Methods

Design

We conducted qualitative, semistructured interviews
between July 2017 and March 2018 with primary care
providers involved in the TARGet Kids! Primary Care
Practice Based Research Network (PBRN) (www.ta
rgetkids.ca). TARGet Kids! is a collaborative research
study between healthcare providers and researchers in the
departments of Pediatrics and Family and Community
Medicine at the University of Toronto, aiming to link
early life exposures to disease development and are inter-
ested in identifying genetic factors that interfere with
growth and development in healthy children aged 0–5.
This collaboration is also interested in exploring the use of
genome sequencing as a research tool, to obtain disease-
risk information in healthy children as a future extension
of the Network’s research activities. Ethics approval was
obtained from the research ethics boards at both St.
Michael’s Hospital and The Hospital for Sick Children in
Toronto, Ontario.

Participants and recruitment

Recruitment for this study occurred at three TARGet
Kids! affiliated clinics at St. Michael’s Hospital. Both
family physicians and primary care pediatricians were
recruited. Recruitment letters were distributed through
email. Participants expressing interest contacted the study
coordinator to schedule a telephone interview. Verbal
consent was obtained over the phone prior to beginning
the interview. We used a purposeful sampling technique
to recruit up to 20 providers [17–19].

Data collection

A semistructured interview guide was used in the audio-
recorded telephone interviews of ~30 min in length, per
participant. The guide was informed by the relevant litera-
ture and explored providers’ clinical experience with
genetic testing, and attitudes towards GS and studies
involving GS with healthy children (see Appendix A). We
explored providers’ perceived utility of GS results by
probing each individual category of secondary findings that
can be returned and asking providers whether they hypo-
thetically should be made available to patients. These
categories included: (1) childhood onset medically action-
able; (2) childhood onset medically non-actionable; (3)
adult-onset medically actionable; (4) adult-onset non-
actionable; (5) carrier status. Providers’ perceived clinical
genetic competencies and their perceived self-efficacy in
these competencies were also discussed. Interviews were
conducted by CM or SC. Demographic data were collected
using questionnaires at the end of each interview.

Data analysis

Recordings of the telephone interviews were transcribed,
anonymized, and qualitatively analyzed through thematic
analysis and constant comparison, drawing on grounded
theory methodology [17]. The data were first openly coded
and labeled using descriptive codes to develop a pre-
liminary codebook. Interviews were coded independently
by EJ, CM, and SC. Each code was assessed through dis-
cussion and constant comparison among coders to build
further iterations of the codebook. Coders reviewed tran-
scripts together to reach consensus on the content of the
codes. Coders met regularly to identify and compare codes
across various interviews to discern any patterns present in
the analysis and to inform possible changes to the interview
guide, as is typical in grounded theory [17]. The final step
involved axial coding where the interrelationships between
codes were identified to develop the underlying theory and
emerging phenomenon [19–21].

Results

A total of 16 interviews were conducted with family phy-
sicians or primary care pediatricians, from three TARGet
Kids! St. Michael’s Hospital sites. Participant demographics
are presented in Table 1. Most participants practiced for ten
or more years (11/16) and spent ten or more years working
with children (10/16).

While most primary care providers saw value in using
GS in research for healthy children, opinions diverged on
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using the results in primary care for children, resulting in
proponents and skeptics. This dichotomy was evident when
providers reflected upon their personal experience with
genetic testing, such as newborn screening and panel test-
ing in cancer, familiarity with GS and the types of results
that can be returned. The differences in opinion were dri-
ven by providers’ ambivalence about using a research test,
such as GS, in clinical care and their uncertainty about
what to do with the results (Fig. 1). Proponents of using
GS saw value in the results for informing their patients’
preventative care and benefiting scientific research as a
whole. On the other hand, those who were skeptical about
using GS results in primary care were concerned about
the technology’s reliability, accuracy, and clinical utility.
However, proponents and skeptics shared similar concerns
around: (1) management of GS results; (2) counseling
patients; (3) increased health system costs incurred by this
testing; (4) implications of screening without an indication;
and (5) the possibility of genetic discrimination. We
unpack each of these themes in turn.

Areas of divergence in opinions

Use of genome sequencing research results in clinical
practice

Providers were ambivalent about using GS results, initially
intended for research purposes, in clinical care. Some pro-
viders—proponents—supported the use of GS in healthy
children for collecting important cohort data for research.
They also valued using the information to inform pre-
ventative care, such as ordering surveillance tests where
indicated by GS results. Examples included monitoring
blood-glucose levels or weight, and advising lifestyle
changes (e.g., diet and exercise). For example:

“I think it could help tailor the preventative care that
they get. It could also provide information about their
diet and lifestyle. [If] they see they've got genes for
insulin resistance, you may want them to focus around
different dietary factors that could help prevent
diabetes and fatty liver and things like that down
the road.”—TKGP01

Interestingly, proponents also acknowledged that the
results would be useful for the parents in guiding how they
care for their children, and even plan for their future. Some
proponents suggested that learning about a child’s increased
risk for a particular condition might promote preemptive
surveillance of symptoms, enhance child–parent bonding
and guide developmental support.

Overall, proponents expressed a willingness to learn GS
results regardless of whether these results were obtained
from a research test because they presumed that the results
would be useful to them in tailoring preventative care,
surveillance, and support programs.

In contrast, skeptics did not feel that the GS technology
was ready for use in clinical care, although they valued its
role in advancing genomics research. They disapproved
using results obtained from research to guide their patients’
management and opportunistically screening their patients
without a clinical indication. Others voiced discomfort with
using test results that they did not order nor discuss a priori
with their patients:

“It's a research study. It's not something that I've
clinically arranged, or feel is imperative for their
care.”—TKGP10

Further, skeptics did not feel they had a professional
obligation to use GS results in primary care. They reasoned
that unlike commonly ordered laboratory or imaging tests
(e.g., blood tests, MRIs, CT-scans), they would not know
how to make use of GS results. Therefore, they felt that this

Table 1 Primary care provider demographic data.

Age N= 16

≤39 9

≥40 7

Specialty

Family physicians 11

Pediatricians 5

Years in clinical practice

<10 5

≥10 11

Years working with pediatric patients

<10 6

≥10 10

Fig. 1 Summary of primary care provider perspectives on genome
sequencing in healthy children and divergence of opinions on two
emerging themes between proponents and skeptics.
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research data should be kept separate from medical records
used in practice. Skeptics also reasoned that GS is “still a
research tool, not a tool to be used routinely” (TKPED04)
because its utility and “actionability” of results remain
questionable.

Definitions of actionability

The most prevalent theme focused on the utility of GS and
the varying ways in which providers conceptualized the
actions they can take based on its results. Providers’ defi-
nitions of what is considered actionable influenced their
perspective on which results should be returned to parents
from GS, and how they would use these results in primary
care. For example, skeptics aligned with traditional,
restrictive definitions, and considered results to be action-
able only if there are established clinical interventions to
reduce morbidity and mortality, whereas proponents had
more dynamic definitions of actionability, encompassing
nontraditional ideas of possible interventions.

Specifically, proponents diverged from the traditional
definition of actionability and typically favored broader
definitions, reasoning that there was always some sort of
action that can be taken based on GS results, whether it
meant advising patients on making lifestyle changes,
ordering screening tests, or guiding child rearing.

One of the nonclinical interventions mentioned by pro-
ponents was using results to promote lifestyle changes in
their patients, such as “more aggressively focusing on their
weight, their diet and their exercise” (TKPED04) to prevent
or delay the development of at risk diseases.

Proponents also valued returning childhood onset or
adult-onset nonactionable results so that parents could
proactively improve their children’s quality of life and
development:

“There are things that could be actionable that could
really improve their quality of life. Even things like
finding out that they have a learning disability, or
dyslexia, it benefits parents to be aware of that, so that
they can get the child the support that they need. It's
actionable and improves somebody's quality of
life.”—TKGP01

In comparison, skeptics employed definitions of action-
ability that aligned with the traditional definition, restricting
what they consider actionable results to situations where
there are effective and established clinical interventions for
an identified disease risk. Skeptical providers felt that they
would struggle with responding to nonactionable results
without clear clinical management guidelines. One provider
explained the difficulty of knowing a patients’ risk for a
nonactionable adult-onset disease:

“I wouldn't want to know if they had Huntington's
when they're 70. What am I going to do with that as a
clinician? Just like I would never order an MRI on a
healthy child. Even though I can…what am I going to
do with those results?”—TKPED05

Skeptics continuously stressed the importance of
returning “clinically useful” results, for instance, returning
information about a patient’s disease risks would “change
what we do, and provides a clear benefit over just knowing”
(TKGP13), in addition to possessing a “clear path”
(TKGP13) for clinical management. Another provider
highlighted the concept of “clinically meaningful,” stressing
the importance of disease impact in considering which
results warranted return (TKGP02).

Skeptics worried about the unintended consequences of
returning nonactionable results, such as disrupting parenting
and parent–child bonding. While proponents expected GS
results to benefit child–parent bonding, skeptics feared
returning these results could heighten parents’ anxieties and
lead to overprotection of their children, resulting in children
“not having a normal childhood” (TKGP12) if they per-
ceived their children to be at an increased risk of illness:

“I think anxiety for the child, [parents] and for the
family, which could lead to psychosocial interaction
issues. It could shelter them from healthy activities
that they enjoy. It may set them up to be sort of
"bubble children”.—TKPED05

Universal concerns around using GS in healthy children

Despite the divergence of opinion on the appropriateness
and utility of GS results, there were several areas where
providers shared common concerns towards the use of GS
in healthy children.

Screening healthy children without a clinical indication One
area where providers shared concerns was about opportu-
nistically screening healthy children using GS for a broad
range of disease risks. They often compared this practice
with newborn screening and prenatal screening. Providers
discussed traditional criteria for population screening, and
pointed out that using GS in healthy children may challenge
these established criteria:

“If you do a Pap test. It's screening. It's available to
everybody, easy to do, not that expensive. We have
good treatments for the outcome. Whereas we don't
screen for ovarian cancer right now, because we don't
have a good test. We don't have a test that provides us
with enough information to make decisions that are
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not going to harm the patient, right. I think that it's
still early days and the things that are going to need to
be in place are number one, is it available to all?” –

TKGP01

Providers likened the practice of opportunistically
screening healthy children to opening a “Pandora’s box”
(TKGP11) and offering “blanket screening” (TKPED14)
without indication or clear guidelines. They cautioned about
being “careful and selective [about] which type of problems
we tackle” (TKPED07) because of the inherent complex-
ities of GS (e.g., secondary findings, lack of family history,
and risk factors).

Management and interpretation of GS results Many pro-
viders felt they lacked the necessary technical expertise and
skills to convey GS results to the parents. Some felt unfa-
miliar with concepts in genetics and expressed discomfort
with interpreting and using GS results in managing their
patients. Providers were unsure of what obligations they had
to their patients in getting in touch with their patients as they
became older or as new interpretations of their results came
to light. Some feared inducing additional anxiety and/or
stress in their patients as a result of their lack of confidence:

“I would be reticent to know what to do with the
results. I find it difficult already to get a great handle
on genetic results. I find I'm not an expert in that field
and I worry I might inadvertently downplay results, or
contribute to anxiety by doing searches myself and
trying to find helpful information for families.”—
TKPED05

Support and resources for patients and providers Provi-
ders were concerned about the additional resources required
to facilitate GS testing, pretest and posttest counseling, and
additional support or training for themselves. One strategy
suggested by the providers was a network of genetic experts
(e.g., counselors) to rely on for expertise and help them to
“make sense of the disease for the patient” (TKGP02).
Additional recommendations for resources included

general guidelines for the return of results and “follow-up
plans” (TKGP09). Providers emphasized that without these
resources, there could be significant harm done to patients
if they were inadequately prepared, educated, and trained to
return GS results.

Health system impacts of GS, privacy, and genetic
discrimination Providers recognized that these additional
resources incurred costs, which could over-burden the
healthcare system. One provider worried about “wasting tax
payers’ dollars” (TKPED05):

“Is it a cost burden to society as a whole? I think we
have a responsibility as physicians to try to decipher
that and be a gatekeeper, if you will, for technol-
ogy.”—TKPED05

Others voiced concerns about whether the large volume
of genomic data could be stored securely and whether
research results should be stored in electronic medical
records (EMR). Providers were concerned with researchers
possibly having access to these data as apart of patients’
EMR, which effectively represents a source of population-
wide variant and phenotype information. In particular, they
noted the importance of the research team having a concrete
plan for the data storage and ensuring its privacy.
Finally, providers feared this testing might render their

patients’ ineligible for life and/or health insurance and
wondered whether they were obligated to disclose their
patients’ results to insurers or other third parties. Possible
genetic discrimination and disease labeling of asymptomatic
individuals were also cited as issues to consider in the
implementation of GS. See Appendix B for additional
illustrative quotes.

Discussion

This is one of the first studies to report the perspectives of
primary care providers on the use of genome sequencing for
healthy children. Our results revealed that most providers
saw value in using GS in healthy children to answer
important research questions; however, opinions diverged
on using the results obtained from this research in the
clinical care for these children. Proponents valued using
secondary findings for informing preventative care whereas
skeptics questioned their reliability and clinical utility.
Providers also diverged on the “actionability” of GS results;
proponents used broader definitions encompassing both
clinical and nonclinical interventions, whereas skeptics
abided by the traditional definition. Despite this divergence,
providers shared similar concerns surrounding opportunistic
screening of healthy patients without clinical indication and
requiring additional educational support for both patients
and providers. Providers also expressed concerns of the
cascading costs on the healthcare system, inequities in
access, and the possibility of genetic discrimination.

A motivation for using GS results in primary care has
been to reduce the cost curve by consolidating diagnostic
tests, and informing drug selection/dosing. Yet, there has
been little objective information collected on the resource
costs in clinical subdisciplines required for adopting GS
including: interpretation of results, pretest and post-test
counseling, and possible follow-up testing for results [22].
Providers in our study emphasized the need for educational

Primary care provider perspectives on using genomic sequencing in the care of healthy children 555



training to address their lack of expertise in genomics and
interpreting the results. They voiced concerns about the
potential economic burden and feasibility issues that would
arise, particularly as a result of opportunistic screening,
echoing concerns reflected in the literature on the cascades
following the return of secondary findings [23, 24].

The continued debate around returning secondary find-
ings in pediatric populations, mostly centered around
returning risk information for adult-onset conditions, is
further complicated in healthy pediatric populations as there
is no manifesting phenotype for which GS is clinically
indicated for and all results to become “secondary findings”
[25–28]. Therefore, these individuals are effectively being
opportunistically screened for disease risk when participat-
ing in this kind of research [29]. While some of these
screening results could hold clinical utility in preventative
care for children, the well-described discrepancy between
conceptualizations and definitions of “actionability”
between providers that was also observed in our study,
make development of necessary guidelines challenging
[25, 26]. Providers often held varying thresholds for
actionability with some considering results informing child
care for parents to be actionable, reminiscent of arguments
supporting reproductive benefit in the newborn screening
context [30–34]. Current ACMG guidelines fall short in
considering which category of conditions (such as child-
hood and adult onset) and at what actionable “threshold”,
require return in either research and clinical settings [35].

Nonetheless, primary care providers and pediatricians are
supportive of the return of actionable secondary findings
from GS in affected children in the clinical and research
contexts [25–28, 36], and in one study, were comfortable
making clinical decisions for their adult patients based on
the GS results, or seeking out the support of genetics pro-
fessionals as necessary to make these decisions [37].
However, the widespread disagreement around what is
considered to be “in the child’s best interest”, which
is commonly seen in the debate around returning secondary
findings for affected children, will likely mean that provi-
ders are not any more prepared to return these results for
their healthy pediatric patients [38, 39]. Indeed, providers in
our study were unsure as to where their obligations lied to
patients that seek support for results acquired from a test
performed outside of the healthcare system or their
immediate circle of care. They acknowledged that these
obligations could become long-term and lead to an
increased responsibility to maintain contact if a pre-
symptomatic diagnosis is made, disease risk for adult-onset
conditions are identified or new interpretations of the results
are made available. The expressed unpreparedness of pro-
viders from our study highlights a need to further qualita-
tively assess what is required for providers to be able to
effectively manage GS results in terms of education and

support, and that their role in managing research results
needs to be more clearly defined.

This study had a number of limitations. First, our sample
was drawn from outpatient clinics involved in one Primary
Care PBRN. The sample included both family physicians
and primary care pediatricians in Canada. Further studies
might include perspectives of other healthcare providers,
such as nurses, social workers, and dietitians, and in diverse
practice settings, with direct or indirect experiences with
GS, which could contribute to a more comprehensive dis-
cussion of using genomic data in clinical care and provi-
ders’ perceived clinical utility of results.

Conclusion

Our findings provide novel insight into the perspectives of
primary care providers on the use of GS results in the care
of healthy children. Secondary findings obtained from GS
research could be of clinical relevance to the preventative
care of a child. This blurring of the line distinguishing
between research and clinical care will drive the need for
informed consent procedures to address the concept of
unexpected and probabilistic disease risk, and secondary
findings with parents of healthy children partaking in GS
research. In addition, evidence-based training, education,
and support for providers and inclusion of their views in the
development of guidelines may be helpful. Future studies to
assess the perspectives and preferences of parents of healthy
children for using genomic data in their child’s healthcare
will also further inform these policies.
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